Outer membrane translocation of the extracellular enzyme pullulanase in Escherichia coli K12 does not require a fatty acylated N-terminal cysteine.
Site-directed mutagenesis was used to construct three mutant derivatives of the extracellular, cell surface lipoprotein pullulanase (PulA) in which the normally fatty acylated cysteine of the signal peptide-bearing precursor was replaced by other amino acids. When produced in Escherichia coli expressing all genes required for pullulanase secretion, approximately 90% of the PulA derivatives persisted as cell-associated precursors, indicating inefficient signal peptide processing. Processed (intermediate-sized) forms of the two derivatives that were studied in detail were found to result from proteolytic cleavage at different sites within the signal peptide. Both were further processed to smaller polypeptides by cleavage at an undetermined site that is presumably close to their C termini. The intermediate-sized pullulanase derived from prepullulanase in which Cys+1 had been replaced by Leu and Gly-1 by Glu (PulA:C1L/G-1E) appeared rapidly, was apparently entirely extracellular, and accounted for approximately 10% of synthesized PulA. Prolonged incubation did not result in further conversion of the precursor to the intermediate form, and the precursor remained anchored to the cytoplasmic membrane. The smaller processed form was also found extracellularly. The active form of the extracellular enzyme was monomeric, which is again in contrast to the fatty acylated, wild-type enzyme. Taken together, these results indicate that replacement of Cys+1 of prePulA eliminates processing by lipoprotein signal peptidase and does not permit processing by leader peptidase, but allows inefficient, aberrant processing by an unknown peptidase and immediate secretion of the resulting polypeptide, which retains most of its signal peptide. Processing and secretion only occur when the pullulanase secretion functions are expressed.